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ABSTRACT ^ 

^ There is a crisis today in education, particularly in 

teacher-pupil relationships » The emotional climate of the typical 
elementary and secondary classroom must be changed, but without 
. sacrificing "progress by the children in the achievement of subject’ 
matter goals. However, with traditional classrooms, children need 
more feedback, praise, and attention t^n one teacher can provide. ' 
Computers offer a more responsive environment for learning; further, 
they can help teachers spend more of their timi’s on human relati^ons — 
slcilJ^S, and less on rote, lower-order tasks for which they may not be 
prepared. Also, computers make. genuine adaptive education for every 
learne r possible in a way that no teacher alone can' do and can 
greatly expand the available curriculum for learners. Thus ^ curricula 
^need not be restricted by what is possible to teaphi: learners ^ 

individually can have a.ccess • to a wide variety o£ the world's ^ 

knowledge and wilT’'be able bo take more of the responsibility for 
what is learned. Realistically, estimating the costs of using 
computers will necessitate some new mcdels for ^schooling which are 
.explicit about educational goals and which capitalize on those new 
objectives that are made attainable by the application of computers 
in instruction. (RH) 
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The popular journals print numerous articles on the subject of the pervasive role of 53,000 extant computers 
in our society. 1 \fany view witli abrm the possibility that massive computer siorageand retrieval capability can 
be employed to reduce man’s privacy and prevent men from living dowrt their earlier mistakcs.234 Some feel 
tlia^lic mere presence in our society of the computer which schululcs airline seats, records bank deposits, adds 
-Up department store purchases, and routes long distance telephone calls also serves to dehumanize interpersonal 
relations and diminish the quality of life. The purpose of t.his paper is to show how computer technology should 
be viewed as a friendly giant rather than an evil genic and how it should be harnessed to provide the catalyst for 
badly needed reform in the education of Americans. 

In order to restrict the paper’s scope, I will only deal with the computer’s potential in instruction and omit • 
the familiar administrative and student accounting computer applications wliich arc, of course, a part of the total 
education scync. 

The existence of a number of well written critiqucs,567 whose conclusions arc su ported by facts reported in 
almost any issue of a big city newspaper, makes it unnecessary to document in detail ‘he idea that there is a crisis 
in schooling at the beginning of the I970’s. Tltcrc is a crisis in confidence behveen the lay public and educators 
and between education workers and boards of control. There is a crisis in financing schools as school costs rise 
more rapidly than tax revenues. There is a crisis in achievement as many children come up to age and grade 
guideposts unable to meet minimal literacy standards. I believe a root cause of many of these crises lies in the 
badly deteriorated relationships between teachers and' pupils in classrooms. Further, reform in instruction can, 
and indeed must, pave the way for ameliorating many of the other tensions related to the education of 
Americans. 

The crisis in tcachcr*pupil relationships is borne out by the school statistics on excessive ab.'tcnccs, vandalism, 
drug abuse, riots, violent attacks on authority figures, and even murder of a teacher as recently happened in 
Philadelphia. No doubt there arc multiple causative factors which explain these asocial behaviors, but underlying 
all of tlicm is the elementary notion that most children do not like school. At worst, school is perceived as a 
primitive, spirit-destroying place which fills no essential need in children’s lives. Most teachers and administrators 
arc viewed as adults who holler at the kids,bnd as persons who enforce petty rulcs and wield arbitrary power. A 
kind of .adversary system dominates tlic classroom interaction of most schools jn which the teacher and his 
backup, reserves, the principal and guidance counselor, arc pitted against the pupils. While destructive 
interpersonal games are pbyed out in the typical school, the rest of society stands on the sidelines wringing its 
collective hands. 

One of the first things we must do to reform schools is to markedly increase the manifest expression of 
human warmth between adults and children. Fsscntially the challenge is how to change the emotional climate of 
the typical elementary and secondary ebssroom without sacrificing progress by the children in the acliicvcment 
of subject matter goals. All youngsters must be able individually to get rewards and praise for their honest 
attempts to learn. To provide children with massive doses of praise and other indications of their self-worth, we 
have to arrange for a much much higlicr level of feedback or effort evaluation than is characteristic of the typical 
ebssroom wliich provides a cage for 25-30 children, one teacher, and a variety of inert materials. Careful studies 
of ebssroom behavior^ show that most bssons above the primary levels arc conducted as cither an expository 
lecture or a ebss discussion on some topic; or, in other words, class activities consist of telling and recitation. 
Individual pupib have, under typical conditions, only minimal opportunities to directly interact with the teacher 
who must somehow instruct 30 children a^if they were only one. 
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In a previous article^.l have shown how the .irj.‘ressive able vounesier in a cLivs divenssion may iceitc and 
^ receive Iceilbaek, ineiuUinp praise 4 i>r 5 times iluriiv^ a 4(>niiiintc"dnss period. A shy, withdrawn child is easily 



oveilooketl ami unnoticed, and ma>' recite with espreNSioiis of teaehcr approval ojily once a week. Contrast that 
nuss*ed neat ion picture with the toinpnter>as.sistcd i list met ion w ork room where 'every ehiKI receives fccil track 
amt enVourayeir.ent u! his learning etToa:; once every ?.0 seconds on the averatic for a total of 8(1 differem 
r^*waidin^> and inlonnative ’c.Nchnngcs in a40*ininntc period at the eunipnter terminal. 

With sensiiivc pro'^rainin^ eoinp liter terminals ueate for school children an absorbing responsive environ mo nt 
tor learning. 'I be clilM knows* that when he makes a response someth inp will happen immediately to proside liini 
with an ;ippcais:il of the itii^bly «f his rcspnn;e and offer him pnidance toward his future efforts. There is little 
wonder tint 450 niiitlopiaders fn a Pittslnirph liiph schon',1^^ who spend a portion of their daily mathematies ‘ 
lesson at the computer tcrmijuil ami a portion in indnidikdized study with print media, markedly prefer the 
compmer e.xpcrienee. 

So far wc haw discussed the sit pc riot it y of the computer terminal over convent tonal mass instruction in 
acjrinc a responsive en\iioiimc\»t associated with tjpieal learning activities. Bnt, llicre is an additional 
opportunity for yreatly inipruvinp the quality of school climate when computer tutorials arc intrmiuced into 
Schools. 

To iimlcrstand this scunid oppt>rtimh>; wc can classify teacher's skills in tlic clauroom as Ivin); of hiylv: 
Older ami lower order. H\;implcs of lower order skills can be suppested as presentation of information to be 
learned, dispLiy *»f drill and practice cvereLses, eralnatlon of pupil responses ami provision of feedback. Some 
e.x Jin pies of hi:?her <*rdcr skill.i arc dinpno.si.s of a child's learning disahilit>*, medial ine a dispute, assessing the 
impact of a pupil's home emixonment ninm liis m-selu>ol behavior and e.xprcssinp comfort fora wounded spirit 
or an injured bod>‘. The cause of ins miction reform would he greatly admuvd if the lower ordct skills av 
detined aho\v were largely put into ^rcfnlly sequenced cimipiitcr prou.*‘ains. 1'he savings in time f<>r teachers liy 
reiuoiiiif, the neecssity for them to 'i^igape in lower order skills would enable them to transfer their uniquely 
hmnan talenb to the higher order skills for which there is no computer propranring in the foreseeable future. Of 
course, many teachers would have to be retrained in order to shift |hcir emphasis from lower i>rdci skills to the 
In.glief order ones. 

Siiherniml ^ docunient- the great interest being c.\pre.»iscd by .\iiierican educators in «!ic British Infant School 
model. By inininii/inp strnetnrc and cmphasi/ing pupil freedom to inquire ami explore, ihurc seliuols arc • 
onqmstioiiably impiovinf^'schoobgoing attitudes on tlic part of yoiing.ster.*:. Many Americans. will, however, be 
unable to accept the absence of the traditional lesson pbn with its interest-arousal activiiic:;, pre.$entation, 
exhortation, and foUuvnip by the teacher, all of which “turn ofl" most children in today’s schools. ' 

Since the close of World War 11, about two and a half decades ago, Americans have been u> mp to improve 
their .schools b\ increa.sing the subject nutter knowledge of classroom teachers, l-cderally sponsored institutes 
siiHx; the ixiss.ige oT the National i)efcn:.c Education .Act of 1958 have made it pu.ssible for a significant .segment 
of the Nation's .v‘cumlary leathers to be upgraded in their knowledge of a Mibject.Thc ration ilc tor this new 
interest in inset vice teacher uiluealion was, of course, the nutinn tlut a teacher cannot leach well Ihosc subjects 
w bieb he does not himself know well. 





It seems to me that the licavy emphasis pbced on pupil acquisition of hard euntent, characteristic oi the 
pus*spiitnik era, has been bunplit at the price of a declining interesfaml concern aniuiig educators for the Iminan 
values wliidi should he a part of schuohng. This is not to say that ediicali>rs ought to be less 
achicvement-jrienttxl tlun they are now, bnt that we have to rccogni/.e t'lat the tola! complex ioh of teaching in 
a eoiitempoiar> school makes impossible ttein:mds u|H>n the talents of the more than 2 inilUun persons on the 
teacher corps Rekitively few, perhaps orJy one in a thousand, possesses suflleiem native abilily to engage 
s'linnltancoiisly in both lower order and higher order teaching hcluviors in ihc c*on vent ion.il mass education 
classio.nn. If we shiflcd a major portion of the lower order prescntutiunnl .skills to a rich computer-assLsicd 
instniclion environment ami then retrained our typical teachers to engage in and cmphasi/.c higher order human 
relations skills in the classroom w'c could in a decade perliaps reform tlic bulk of the cdiic.itioii of Americans. 
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li IN a parailoN lint tumpiitcrs. epitome c»l’ iinpcrsimality and product i»f the spaee ai;c. otter us an- 
opP«>rtiiniiy to itdorm our sehntds hy niakin:^ ii possible lor icaehrrs to redirect ilicir elloitb and to Innnani/.e 
scliooljny. / 

So lar we have aiyiied in this paper that instnitihm as a major seymeiu of American elementary and 
secondary education y can be relonned by intrmhieiny. approprLiiely programed computer interactive 
opportunities tor ehildien. Ihis rel'orin can tieenr tor two reasons (I) Youiittstcrs vorkiny at compntcr 
♦erininaU experience a unupie responsive cn\iro;nneni which hnilds then self-eonridencc and I'eelings ot' 
selt‘Wi»rth; (2) te:iclK%A ead, when freed from lower order expository larks, cnyaye in supportive hichei order 
behaviors that ate nnii|iiely lunnani/ine for children. y 

U\ addition to the two reasons cited abt»vc for iiuorporatint; eompntcr leeliiioloyy into inst/iution,-the 
eoinpntcr makes "tliinkable'* for the first time in history, the notion of a ycnninc adaptivcjeducjtfon for every 
learner.* 2 ihc idea of imiividuali/ine iiustruetion has him yiveii consideration in cvcry^lci-.ule of tins century. 
Its iinpleinentatiim has, of course, fallen far short of the yoal heeanse of the nnavaUability of insiruetiorial 
systems wineli an leeeivc, process, anil ilisplay large amounts of relevant ilata abont imli-.iduals. T\le»*2 ha\ 
shown that the eoiuvpt of indivhhieli/.ed instruction has been arre.sted at the simplex level of learner s df-paciny. 
The programed text and teaching nneliine ilevelopincnts of the 195-5-65 era cuiitiibnted mightil) to «l.e 
:»clf-pjeing notion. These applications, however, ignored the rich diversity of iiulividii;d dilfc/ences among 
learners and faileil to eaptnie the esscntlil notion tliat instruction needs to be ail'apteil to the p.irtienbr skills, 
abilities, and interests of learners who vary tremendously. 

I he logic and preprogramed decisionmaking capabilities of the modem digital computer make it the mily 
aiiuliilate innnediaiely in view that c.m haiulie the complex task of monitoring, snmniari/ine. d*agno?iug and 
prescribing instrui lional moves for many learners. Of course, educators do not yet know in any detail wluehof 
the hundreds of deseripiivc vaiiables about learners are relevant for instruct ion. Hut tins needed evidence 
repre.sents an empirical ipie^tion w hich can be derived frOm the experience ol programing coiirres ofinstniuion 
Hbr eompntcr presentation and trying drem ant on le:irncr> wikh many hypotheses al)ont different 
lc;mrer-adaptive variables. • - - * " 

.Almost everyone these days w'ho is wnghing the potential of the computer for edmatiun in ihe next three 
ileeudes seems to he viewing computers as 'mere repticeinent ineehanisms for eonteiuporary proceiluvLS. 
personnel, and learning aetititics. 1 believe the nature of this powerful logic and decision device makes it 
iueuuibent upon us to re-i'xamine our educational goals lor all learner.s. 1‘he computer makes it possible tor 
eilueators to greatly expand the available euirieuhim for learners. The knowledge k'tricval lapabtlhy of large 
computer systems plus the storage and u.se of adaptive information about learners wdll nuke it possible for every 
learner to have a uniipie eiirrieuhim. No longer w'ill debates about emrienlum be restricted b\ what i in 
comfortably be taught to an average gionp of youngsters at a pariieular grade le\el. The compmer as a tool 
makes it possible for learner.s individually to lia\t access to a wdde vaiiety of the W'orld’s knoviedge. Inslc.id of 
the long debates about w hat is worth teaching, educators w ill he able to shift this ic.spuiLsibility in large part to 
the learner Ihmself. 

We have for a dong lime reeogni/.ed the niolivatiiig efreeis of sclf-direetion \ir iudepeiuleiit study. If 
instruction can he, to a large measuie, put into eoinpntcr storage, and learners given a wide variety ofehuicesin 
dcvidhig what they want to learn and in what seiiiienee. then the ediieation eiiterpiLse will he blcsseil with 
increased mot iva lion and improved learner ^clf‘direttion. Of cumse, these :ippliraii«Mis of the computer <n 
remox inu ihc .shackles on ediieation eaiinoi he expected hy the end of this decade, but* w e can have tlieiii taneh 
sooner than ni.niy people rc«di/c because they depend on iia new* teehnolugical dewlopmeius rr no new 
pedagogical eoiicvpt.s. The major restraints lie wiihin the social institutions res|'>onsible for ediieation 

Speaking of restiaints on education brings one inevitabb to the quest ion of cucis tor tiiegcring the ti lorin ot 
instruction with cauipiiters. Most of the available cost studies**^ ciibervicw computers as an add-on expense or 
us a replacement for existing teacher sevviics. Neither secm.s to me lu be an appropriate ;tr,Miiiiptiun. Tost studies 

12. Mil/.el, II.. “Computers and Adaptive Kduciition,” KdmatioiK pp. 22-26. 

December 1970, 

13. 1’ylcr, R,,“Ncw Directions in liidividuali/ing lnsinu*tiun,“ in the Abingtun Confeieiive 
of 196V, Abingtoii, Ta.: The Coni crenec, 1967. 

14. Silbcriiian, C., op. eit, 



also Stan with the notion tlut “instant CAI” in 20,000 school districts is both desirable and possible. The 
automobile has revolutionized the transportation of Americans, but nobody suggested that it was necessary in 
1910 to have 80 million vehicles and a $40 billion interstate highway network. The development and 
improvement of automobiles, over the years increased the demand for better roads, better services stations, better 
insurance, et cetera. The same phenomenon can be anticipated with the installation of computers in schools. If 
there is u significant beginntrig, there will be a demand for better curriculum packages, better maintenance 
service, ^nd better hardware. Some venturesome schools will have to begin the implementation cycle even 
though the hardware is inadequate and the curriculum for the computer is spotty in its coverage. It wifi take 
these schools with a pioneering spirit to create a “market” for improved devices and instruction, whether these 
materials are produced commercially or by consortiums of public enterprises. 

Cost studies*5 16 17 now available seriously imderestimate the necessary impact of computer instruction 
applications upon the structure and organization of the school. There is every reason to believe that with a major 
program of computer use, schools will clunge their staffing patterns and building requirements. My guess is that 
CAI schools will need many fewer $l5,000-per-year teachers and more $25,000- and $7,500-per-year personnel. 
CAI schools will be organized into small 100-200 pupil units even at the secondary level, with a considerably 
lessened demand for librarians, guidance counselors, remedial reading teachers, et cetera, although these lowered 
requirements will be offset to some extent by personnel neeils in computer technology. Comprehensiveness, 
which provided th.e major rationale for today’s giant urban high scliools, can be met in part by a variety of 
individualized computer-based courses of instruction in small intimate decentralized units. Computers seriously 
applied to educational programs will clunge the building pattems and revise costs. For example, if high schools 
were smaller and nearer to pupils homes, would we still have to build, furnish and staff cafeterias? Perhaps the 
single nujor cost saving with a computer-based program is the clunge from tcachef-directed, adult-controlled 
pupils to self-directed and self-monitoied pupils. No one doubts tlie desirability of the btter and its capability of 
offsetting some of the costs inherent in the incorporation of computers into instruction. 

In short, it is probably futile to attempt to project the costs of incorporating computers into instruction given 
the present model provided by contemporary schools. To make sense out of costs, we will need some new 
models for schooling which am explicit about educational goals and wliich capitalize upon those new objectives 
that are nude attainable, m theory at least, by the application of computers to instruction. 

Estimating the costs of using computers to lead the reformation of instruction is tricky business. Current cost 
estinutes seem high because of the retention of some hjdden assumptions about the present structure and 
organization of the schools. " 

In summary, the thesis of this paper is that reform in the education of Americans is badly needed. Central to 
that reform is an improvement in the social climate of schools and the interaction between pupils and adults. 
Parado.xically, jc:nputers can make a significant contribution to the humanizing of the schools by taking over 
nuny of the lower order expository skills from teachers* present repertoires and releasing them to become, with 
retraining, warm hum;^n beings sensitive to the personal needs of cliildren. The computer can help improve the 
clinute of ebssrooms by providing immediate ego-building feedback and encouragement for learners* efforts. 
The tliiid plus for the computer in instruction reform is its potential in realizing a genuine adaptive education for 
every learner. So far the notion of adaptive education Jus been pretty well arrested at the level of learner 
self-pacing, but the computer’s capability of dynamically modifying every learner’s instruction on the basis of 
many different relevant variables opens up new opportunities for education. F'ourth, the computer encourages 
the establishment of new individualized goals for education by making it possible for learners to exercise many 
choices and options in guiding their own development. Opening up the world of knowledge to learners who have 
the tpols to m?ke choices cannot help but exert a liberalizing influence on education. 

15- Dooz, Allen and Hamilton. “Costs of Installing and Operating Instructional Television 
and Computer Assisted Instruction in the Public Schools.’’ Booz, Allen and Hamilton, 

Management Consultants, New York, 1968. 

16. Committee for Economic Development, Innovation in Education: New Directions for the 
American School, Statement by the Research and Policy Committee, July 1968. 

17. Kopstein, F.F. and Seidel, R.J., “Computer Administered Instruction Versus TraditioruUy 
Administered Instruction: Economics.’’ Professional Paper 31-67, Human Resources Research 

Office, The George WashingtoiHLInivcrsity., June 1967. 
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